The outline of this report') has already been published in this journal as a communication to the Editors.
In the previous papers, three isomers of gibberellin A,2', i.e. gibberellin C1,11, pseudogibberellin A12', and isogibberellin A,4', have been reported.
The present paper deals with the relation between these isomers.
When gibberellin A, was treated with mineral acid (20% H2SO4 or 10% HC1), gibberellin C was obtained in a 80% yield. By treating gibberellin C with sodium acetate and acetic anhydride, monoacetyl gibberellin C was obtained. Monoacetyl gibberellin C monomethyl ester which was obtained by treatment with diazomethane shows no OH streching vibration band in its infrared spectrum. Gibberellin C shows a maximum peak at 280 my (a 30) in its ultraviolet spectrum which is characteristic for the carbonyl group and gives 2,4-dinitrophenylhydrazone.
The existence of r or 8-lactone and carboxyl group was confirmed by 1760 cm-1 and 1720 cm-1 absorption bands in its infrared spectrum.
On the hydrogenation over Adams' catalyst, gibberellin C did not absorb hydrogen. From these results, it was concluded that gibberellin C has one hydroxyl, one ketonic carbonyl, one lactone and one carboxyl group, and 1) N. Takahashi, Y. Seta, H. Kitamura, A. Kawarada and Y. Sumiki, This Bulletin, 21, 75 (1957) .
2) N. Takahashi, A. Kawarada, H. Kitamura, Y. Seta, M. Takai, S. Tamura and Y. Sumiki, ibid., 19, 267 (1955) .
3) A. Kawarada, H. Kitamura, Y. Seta, N. Takahashi, M. Takai, S. Tamura and Y. Sumiki, ibid., 19, 278 (1955) . 4) T. Yabuta. Y. Sumiki, K. Aso, T. Tamura, H. Igarashi and K. Tamari, J. Agr. Chem. Soc. Japan, 17, 894 (1940) . that one OH (perhaps tertiary) and exocyclic methylene in gibberellin Al are converted to the one ketonic carbonyl group in gibberellin C on acid treatment of gibberellin A,.
When gibberellin C was boiled with 0.1N NaOH for 30 min., and the reaction solution was backtitrated with 0.1N HC1, it was noticed that 1.8 moles of NaOH is consumed yielding isogibberellin A, from the acidified solution as a resulting product.
Under the same condition, isogibberellin A, consumed 1. When pseudogibberellin A, was treated with 30,%' H2SO4, isogibberellin A, was obtained in a 80% yield. Thus the relation among the four isomers was clarified and is summarized in Fig. 1 .
FIG. 1.
In the previous communication',", we reported on the possibility of epimerization of a-hydrogen of carboxyl or the lactone group.
But we have now reached a different conclusion that the secondary hydroxyl group participates in this epimerization, according to the fact that the oxidation product of pseudodihydrogibberellin A, was identical with that of dihydrogibberellin A,5'".
Recently, Cross et al.5' reported that 5) H. Kitamura, Y. Seta, N. Takahashi, A. Kawarada and Y. S umiki, This Bulletin, 21, 71 (1957) . 6) B. E. Cross, J. P. Grove, J. MacMillan and T. C. MuIholland, Proceedings of the Chemical Society, August, 1958. the secondary hydroxyl group of gibberellic acid or gibberellin A, is easily epimerized.
We next examined the mechanism of rearrangement by acid, i.e. gibberellin A, to gibberellin C, pseudogibberellin A, to isogibberellin A,. It was found that a change similar to the above-mentioned occurs in the bromination of gibberellin A,. When gibberellin A, was brominated with dioxane-bromine complex at -5°, the monobromogibberellin A, was obtained, but dibromogibberellin A, could not be obtained. Monobromogibberellin A, shows a maximum peak at 285 m,u in its ultraviolet spectrum, the position of which is the same as that of gibberellin C and a new absoption band at 1740 cm-1 in infrared spectrum which was assigned to a five membered ring ketone. On the hydrogenation over Adams' catalyst in neutral medium, monobromogibberellin A, did not absorb hydrogen, but in the alkaline medium it was readily debrominated, giving the gibberellin C. On the other hand, monobromogibberellin A, was also converted to gibberellin C by boiling with zinc in acetic acid for 2 hours. The above results indicate that the double bond of gibberellin A, disappeared and a ketonic carbonyl is newly formed on the bromination of gibberellin A,. Thus as the change of functional groups of gibberellin A, by the bromination is quite similar to that of the acid rearrangement of gibberellin A,, we concluded that bromination and acid rearrangement occur in the same mechanism in which carbonium-cation-intermediate and its rearrangement are involved. If we accept (I) or (II) as the partial structure of gibberellin A, and the mechanism of rearrangement, four partial structures (llla), JIM), (IVa) and (IVb) are proposed to gibberellin C and four formulae (Illa'), (111b'), (IVa') and (IVb') to monobromogibberellin A,, as shown in Fig. 2 .
As it has been described in our previous report''"' on hydrogenation by Se, gibberellin A1 7) H. Kitamura, Y. Seta, N. Takahashi, A. Kawarada and Y. Sumiki, This Bulletin, 23, 408 (1959 and C gave the same product, 1 : 7 dimethylfluorene, and no other hydrocarbon was isolated in the crystalline form. This result can be interpreted by the structure (I) as gibberellin Al and the structure (IIIb) as gibberellin C successfully, other formulae being excluded. Moreover, the fact that monobromogibberellin Al is not dehydrobrominated in boiling collidine can also be interpreted by the proposed formulae (IIIb') as monobromogibberellin A1. By SeO2 oxidation of gibberellin C, a pale yellow a-diketone C19H22O7. H2O was obtained which gave a positive ethylene diamine test. This fact shows the existence of active methylene group adjacent to the carbonyl group. When gibberellin C was treated with an excess of bromine in acetic acid at 60", only one mole of bromine was consumed no more bromine being absorbed. If gibberellin C has such a ring ketone system as shown in structure (IIIb), the substitution of a second bromine atom might be hindered sterically. Cross et al. 9,10) proposed a similar partial structure of gibberic acid which is the acid degradative product of gibberellic acid (gibberellin A3), from the view point of the same mechanism of acid rearrangement. Infrared spectra of gibberellin C, isogibberellin A1, pseudogibberellin A, and monobromogibberellin Al, are summarized in Fig. 3 ) B. E. Cross, J. F. Grove, J. MacMillan and T. C. Mulholland, Chem. and Ind., 36, 954 (1956) . 10) B. E. Cross, J. F. Grove, J. MacMillan and T. C. Mulholland, J.C.S., 1958, 2520.
Found : C, 64.51 ; H, 7.03 ; Calcd. for C20H2sOa: C, 64.60; H, 6.71. 3) Pseudodihydrogibberellin A1 a) Pseudogibberellin A, was hydrogenated over Adams' catalyst in methanol and one mole of hydrogen was absorbed. Upon evaporation of the solvent and recrystallization from ethanol-ligroin, pseudodihydrogibberellin A, was obtained, d.p. 290-5°, b) One hundred and fifty mg of dihydrogibberellin A, was boiled with 50 ml of 0. I N NaOH for 30 min.. The reaction solution was acidified and extracted with ether continuously. About 80 mg of crystal precipitated from ether, dp. 292.5°. Its infrared spectrum was identical with that of pseudodihydrogibberellin A, which was obtained from the hydrogenation of pseudogibberellin At. The same result was obtained by treatment of 0.5 N NaOH for 2 hours. At that time it was noticed that 1.8 moles of alkali are consumed by back titration. e) One hundred and fifty mg of pseudodihydrogibberellin At was dissolved in 10 ml of acetic acid. Then, 1.3 moles of CrO3 was dissolved in 5 ml of acetic acid. This solution was added dropwise to the sample solution at 60~65° for 30 min., the solution colour changing to green. The solvent was evaporated in vacuo and the residual matter was treated with water and extracted with ether continuously. On evaporation of ether and recrystallization from ethyl acetateligroin, a crystal of d.p. 254° (60 mg) was obtained. Its infrared spectrum was identical with the oxidation product of dihydrogibberellin At. 4) Debromination of monobromogibberellin AI a) Two hundred mg of monobromogibberellin A, was dissolved in 150 ml of 0. 1 N NaOH and hydrogenated over Pd-CaCO3 catalyst. One mole of hydrogen was absorbed. After the catalyser was filtered off, the reaction mixture was acidified and extracted with ethyl acetate. The crystal obtained on evaporation of the solvent was recrystallized from ethyl acetate-ligroin, d.p., 254.6°, yield 110 mg. Infrared spectrum of this crystal was identical with that of gibberellin C and the mixed melting point with gibberellin C was not depressed. b) Two hundred mg of monobromogibberellin AI in acetic acid was boiled with zinc for 2 hours. Zinc and zinc acetate were filtered off and the filtrate was evaporated. The residual solid was extracted with ethyl acetate and the solvent was removed in vacuo. A quantity of 80 mg of crystal which decomposed at 254.6° was obtained from recrystallization of ethyl acetate-ligroin. The identity of this crystal with gibberellin C was confirmed by comparison of their infrared spectra and by mixed melting point. c) Monobromogibberellin Al was boiled in collidine for one hour. After collidine was evaporated, an unchanged original substance was recovered by recrystallization of residual syrup, no debromocompound being obtained. 5) Seleniumdioxide oxidation of gibberellin C An ethanol solution of 150 mg of gibberellin C in a sealed tube was heated with 200 mg of seleniumdioxide at 130.5° for three hours. About 140 mg of selenium precipitated. Neutral and acidic fractions were separated in the usual way. One hundred mg of the neutral fraction was subjected to alumina column chromatography. Elution of 5%o ethyl acetate-benzene solution gave 50 mg of crystal, mp., 206.7°. It was concluded that this crystal was gibberellin C ethyl ester from its anal ytical datum and infrared spectrum. Found : C, 67.29; H, 7.35; Calcd. for C21H25Os C, 67.00; H, 7.50; 60 mg of acidic fraction gave a pale yellow crystal from ethanol-ethyl acetateligroin, dp. 240-8°. It gave a positive ethylene diamine test which was applicable for confirmation of a-diketone. Found : C, 60.65 ; H, 7.06 ; Calcd. for C15H22O7•H2O: C, 59.99; H, 6.36.
6) Bromination of gibberellin C
One hundred and fifty mg of gibberellin C in acetic acid was brominated with 1% bromineacetic acid solution at 60°. One mole of bromine was relatively smoothly absorbed. Two moles of bromine were added and the solution was kept at 65° for two hours. Result of backtitration showed that only one mole of bromine is consumed. The reaction mixture was dried up and extracted with ethyl acetate. A portion of 120 mg of acidic fraction was subjected to silica gel chromatography (buffer pH 5.2 and silicic acid 15g). Elution of 3% butanol-benzene solution gave two kinds of crystals. Fractions 2-5 (the volume of each fraction, 20 ml) gave monobromogibberellin C, (35 mg 
